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General 
 

Commercial chemicals were used as supplied. All reactions were performed using standard Schlenck 

techniques under inert (N2) atmosphere. Flash column chromatography was performed using silica gel 

(Silia-P from Silicycle, 60 Å, 40-63μm). Analytical thin layer chromatography (TLC) was performed 

with glass backings (250 μm with indicator F-254). Compounds were visualized under UV light. 

GCMS samples were separated on a Shimadzu HP5-MS 30 m x 0.25 mm ID x 0.25 μm film thickness 

column. 
1
H and 

13
C NMR spectra were recorded on either of the following spectrometers: a Brucker 

Avance at 300 MHz and 75 MHz, respectively; a Varian INOVA at 400 MHz and 100 MHz, 

respectively; a Varian INOVA at 600MHz and 150 MHz, respectively. COSY and NOESY were 

recorded on a Varian INOVA spectrometer at 400 MHz or Varian INOVA spectrometer at 600MHz. 

DQCOSY, HMBCH-C were recorded on a Varian INOVA spectrometer at 600MHz for 
1
H and 150 MHz 

for 
13

C. The following abbreviations have been used for multiplicity assignments: “s” for singlet, “d” 

for doublet, “t” for triplet, “m” for multiplet, and “br” for broad. Deuterated cholorform (CDCl3) was 

used as the solvent of record except where noted below. Melting points (mp’s) were recorded using 

open end capillaries on a Meltemp melting point apparatus and are corrected. High and low resolution 

mass spectra were recorded with a VG Micromass ZAB-2F spectrometer. All reaction solvents were 

dried through Pure Solv
TM

 solvent purification system.  

 

fac-Ir(ppy)3 (1) 

 

To a suspention of 2-phenylpyridine (101 mg, 0.65 mmol, 3.1 equiv.) in ethylene glycol (7.5 mL) was 

added Ir(acac)3 (102 mg, 0.21 mmol, 1.0 equiv.). The mixture was degassed twice and heated at 250
o
C, 

for 67 h. The reaction was poured into H2O/DCM (1:1, 100 mL). The phases were separated and the 

aqueous phase was extract with DCM (6 x 25 mL). The organic phases were combined and dried over 

MgSO4. The organic phase was filtered and then concentrated under reduced pressure. The crude was 

purified by flash chromatography (20% Et2O/Hexanes on silica, and recrystalized in DCM/Hexanes to 

obtain 104 mg as a yellow solid (75 %). Rf : 0.56 (50% hexanes/DCM). The 
1
H NMR spectrum 

corresponds to that found in the literature.
1
 

 

 

 
(GSTP-C1-054-01) 5-bromo-2-phenylpyridine (2) 

 

To a solution of bromobenzene (6.99 mL, 66.4 mmol, 1.05 equiv.) in THF (75 mL) at -78
o
C was added 

n-BuLi (2.5 M in hexanes, 28 mL, 69.6 mmol, 1.1 equiv.) over 0.25 h. The mixture was stirred for 0.25 

h at -78
o
C, then a solution of ZnCl2 (9.49 g, 69.6 mmol, 1.1 equiv.) in THF (75 mL) was canulated over 

0.10 h. The flask was washed twice with THF (10 mL). The mixture was heated at room temperature 

and stirred for 2.50 h. The zincate solution was canulated to a mixture of 2,5-dibromopyridine (15.0 g, 

63.3 mmol, 1.0 equiv.) and Pd(PPh3)4 (3.65 mg, 3.16 mmol, 0.05 equiv.) in THF (80 mL). The flask 

was washed twice with THF (10 mL). The reaction mixture is heated to reflux for 16 h. The reaction 

was followed by GCMS and 100% conversion was observed. The mixture was cooled to room 

temperature. To the solution was added an aqueous solution of EDTA:NaHCO3(sat) (1:1, 150 mL) and 

stirred for 1 h at 0
o
C. A white precipitate was formed and was filtered out on to Celite© and washed 

with THF. The solvent was concentrated under reduced pressure then in vacuo. The aqueous phase was 

extracted with DCM (3 x 100 mL). The organic phases were combined and washed with a solution of 

EDTA:NaHCO3(sat) (1:1, 5 x 100 mL). The organic phase was dried over MgSO4 and concentrated 
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under reduced pressure then in vacuo. The residue was purified by flash chromatography (10% 

EtOAc/hexanes on silica) to yield 14.8 g as a white solid (>99%, mp.: 68-71
o
C; lit

2
 mp: 65-66°C). Rf 

(5% EtOAc/hexanes) : 0.21. 
1
H NMR (300 MHz, CDCl3): δ 8.74 (d, J = 2.2  Hz, 1H), 7.96 (dd, J = 8.0, 

1.5 Hz, 2H), 7.88 (dd, J = 8.5, 2.4 Hz, 1H), 7.63 (d, J = 8.4 Hz, 1H), 7.40–7.50 (m, 3H). 
13

C NMR (75 

MHz, CDCl3): δ 156.0, 150.8, 139.4, 138.2, 129.5, 129.0 (2C), 126.9 (2C), 121.8, 119.4. LRMS : 235. 

HRMS : calculated = 232.9840; found = 232.9834. The 
1
H NMR spectrum corresponds to that found in 

the literature.
3
  

 

 

 
(GSTP-C1-143-02) 2-phenyl-5-(2-(trimethylsilyl)ethynyl)pyridine (3) 

 

To a solution of 2 (3.5 g, 14.9 mmol, 1.0 equiv.) in THF (150 mL) and i-Pr2NH (50 mL) was added 

trimethylacethylene (TMSA) (5 mL, 35.4 mmol, 2.4 equiv.), Pd(PPh3)4 (1.0 g, 0.894 mmol, 0.06 

equiv.) and CuI (453 mg, 2.38 mmol, 0.16 equiv.). The solution was degassed and stirred for 18 h at 

room temperature. The oxidative insertion step was followed by GCMS and 93% conversion was 

observed. To the reaction mixture was added TMSA (0.5 mL, 3.5 mmol). The solution mixture was 

degassed and stirred for 4 h at room temperature. The oxidative insertion step was followed by GCMS 

and 100% conversion was observed. The solvent was evaporated under reduced pressure. The residue 

was purified by flash chromatography (5-10% EtOAc/hexanes on silica) to yield 3.0 g of light yellow 

oil (82%). Rf (5% EtOAc/hexanes) : 0.22. 
1
H NMR (300 MHz, CDCl3): δ 8.76 (s, 1H), 8.00 (dd, J = 

8.1, 1.2 Hz, 2H), 7.80 (d, J = 8.2, 1.9 Hz, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.35–7.55 (m, 3H), 0.20 (s, 

9H). 
13

C NMR (75 MHz, CDCl3): δ 156.4, 152.7, 139.7, 138.7, 129.5, 128.9 (2C), 127.1 (2C), 119.7, 

118.6 101.9, 98.7, 0.0 (3C). LRMS : 251. HRMS : calculated = 251.1130; found = 251.1135.  

 

 
(GSTP-C1-147) 5-ethynyl-2-phenylpyridine (4)

 

 

To a solution of 3 (577 mg, 2.29 mmol, 1.0 equiv.) in MeOH (8 mL) was added K2CO3 (728 mg, 5.27 

mmol, 2.3 equiv.). The reaction was stirred for 0.5 h. at room temperature. The reaction was followed 

by GCMS and 100% conversion was observed. The reaction was poured into a solution of H2O/Et2O 

(1:1, 30 mL). The layers were separated and the organic phase was washed with H2O (2 x 15 mL) and 

with brine (1 x 15 mL). The combined aqueous fractions were reextracted with Et2O (3 x 25 mL). The 

organic phase were combined and dried over MgSO4. The organic phase was filtered and then 

concentrated under reduced pressure to yield 411 mg of a light yellow solid (>99%, mp.: 39-41
o
C). Rf 

(10% EtOAc/hexanes) : 0.43. 
1
H NMR (400 MHz, CDCl3): δ 8.80 (dd, J = 2.1, 0.7 Hz, 1H), 8.00 (d, J 

= 8.1 Hz, 2H), 7.83 (dd, J = 8.2, 2.1 Hz, 1H), 7.70 (dd, J = 8.2, 0.8 Hz, 1H), 7.35–7.55 (m, 3H), 3.27 (s, 

1H). 
13

C NMR (75 MHz, CDCl3): δ 156.9, 152.8, 139.9, 138.6, 129.6, 129.0, 127.1, 119.8, 117.6, 81.0, 

80.8. LRMS : 179. HRMS : calculated = 179.0735; found = 179.0736.  
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(GSTP-C1-153) 1,3,5-tris((6-phenylpyridin-3-yl)ethynyl)benzene (6) 

 

To a solution of 1,3,5-tribromobenzene (739 mg, 2.347 mmol, 1.0 equiv.) in Et3N/Toluene (1:1, 23 mL) 

was added Pd(PPh3)4 (263 mg, 0.227 mmol, 0.097 equiv.), CuI (35 mg, 0.188 mmol, 0.08 equiv.) and 4 

(1.68 g, 9.390 mmol, 4.0 equiv.). The reaction mixture was degassed 3 times at room temperature with 

N2. The mixture was heated to 80
o
C for 16 h. The reaction was followed by TLC. The reaction mixture 

was filtered through a Celite© plug and washed with 10% EtOAc/DCM until no more eluted product 

was detected. The filtrate was concentrated under reduce pressure. The residue was purified by flash 

chromatography (2.5/22.5/75 to 5/20/75 EtOAc/hexanes/DCM on silica) to yield 1.25 g of a yellow 

solid (89%, mp.: 175-180
o
C). Rf (30% hexanes/DCM: 0.06. 

1
H NMR (300 MHz, CDCl3): δ 8.85 (d, J 

= 1.8 Hz, 3H), 8.03 (dd, J = 8.1, 1.3 Hz, 6H), 7.88 (dd, J = 8.2, 2.1 Hz, 3H), 7.76 (d, J = 8.2 Hz, 3H), 

7.76 (s, 3H), 7.35-7.60 (m, 9H). 
13

C NMR (75 MHz, CDCl3): δ 156.7, 152.4, 139.4, 138.6, 134.6, 

129.6, 129.0 (2C), 127.1 (2C), 123.9, 119.9,118.2, 91.2, 88.0.  LRMS : 609. HRMS : calculated = 

609.2205; found = 609.2192.  

 
(GSTP-C1-168) 1,3,5-tris(2-(6-phenylpyridin-3-yl)ethyl)benzene (HC1) 

 

To a solution of 6 (112 mg, 0.184 mmol, 1.0 equiv.) in THF (12 mL) was added Pd/C (20 mg). The 

mixture was degassed once with N2 and three times with H2. The reaction was stirred for 20 h at room 
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temperature under an H2 atmosphere. The reaction was followed by 
1
H NMR, the spectrum contained 

many unsaturated intermediates. The reaction mixture was filtered through a Celite© plug and washed 

with THF/DCM (1:1). The solvent was evaporated under reduced pressure. The residue was diluted in 

THF (12 mL) and Pd/C (20 mg) was added. The reaction mixture was stirred for 48 h at room 

temperature under an H2 atmosphere. The reaction was followed by 
1
H NMR, the spectrum showed 

100% conversion. The reaction mixture was filtered through a Celite© plug and washed with 

THF/DCM (1:1). The solvent was evaporated under reduced pressure. The residue was purified by 

flash chromatography (5 to 20% EtOAc/DCM) to yield 105 mg of a colorless oil (91%). Rf (20% 

EtOAc/hexanes) : 0.06. 
1
H NMR (400 MHz, CD2Cl2): δ 8.45 (s, 3H), 7.99 (dd, J = 7.0, 1.6 Hz, 6H), 

7.65 (d, J = 8.1 Hz, 3H), 7.30-7.60 (m, 12H), 6.82 (s, 3H), 2.85-2.90 (m, 12H). 
1
H NMR (400 MHz, 

CD2Cl2): δ 8.45 (s br, 3H), 7.99 (dd, J = 7.0, 1.6 Hz, 6H), 7.65 (d, J = 8.1 Hz, 3H), 7.35-7.50 (m, 12H), 

6.82 (s, 3H), 2.89 (s br, 12H). 
13

C NMR (100 MHz, CD2Cl2): δ 155.3, 150.3, 141.7, 139.7, 136.1, 129.2 

(3H), 127.3, 127.1 (2C), 120.4, 37.8, 31.1. LRMS : 621. HRMS : calculated = 621.3144; found = 

621.3147.  

 

(GSTP-C1-164) [8 = Ir•HC1] 

 

To a suspention of HC1 (150 mg, 0.241 mmol, 1.0 equiv.) in ethylene glycol (24 mL) was added 

Ir(acac)3 (118 mg, 0.241 mmol, 1.0 equiv.). The mixture was degassed twice and heated to 250
o
C for 

24 h. The reaction was followed by TLC. The reaction was poured into H2O/DCM (1:1, 50 mL). The 

phases were separated and the aqueous phase was extract with DCM (5 x 25 mL). The organic phases 

were combined and dried over MgSO4. The organic phase was filtered and then concentrated under 

reduced pressure. The crude was purified by flash chromatography (30% hexanes/DCM on silica) to 

yield 53 mg of a yellow solid (27%, mp.: >350
o
C). Rf (30% hexanes/DCM) : 0.15. 

1
H NMR (600 

MHz, CD2Cl2): δ 7.80 (d, J = 8.2 Hz, 3H), 7.59 (d, J = 7.9 Hz, 3H), 7.52 (dd, J = 8.3, 2.0 Hz, 3H), 6.70-

6.90 (m, 9H), 6.57 (s, 3H), 6.38 (d, J = 1.6 Hz, 3H), 3.14 (dt, J = 13.4, 3.0 Hz, 3H), 2.89 (dt, J = 12.6, 

3.3 Hz, 3H), 2.54 (td, J = 13.1, 3.2 Hz, 3H), 2.43 (dt, J = 13.4, 3.0 Hz, 3H). 
13

C NMR (100 MHz, 

CD2Cl2): δ 164.4, 161.0, 147.9, 144.5, 140.7, 137.5, 137.0, 135.4, 129.8, 128.4, 124.1, 120.1, 119.2, 

38.1, 34.2. LRMS : 811. HRMS : calculated = 811.2538; found = 811.2541.  

 

 
(GSTP-C1-075) 1-(2-(4-bromophenyl)-2-oxoethyl)pyridinium bromide (9) 

 

To pyridine (16 mL) was added 2-bromo-1-(4-bromophenyl)ethanone (8). The reaction was stirred for 

0.25 h. A white solid was form as fast as 8 was added. The mixture was filtered on Buckner and washed 

with Et2O (4 x 20 mL). The solid was dried on the pump 16 h to yield 5.0 g of a white solid (98%, dec. 

243
o
C, lit

4
 mp: dec. 243

o
C). 

1
H NMR (300 MHz, MeCN-d3): δ 8.76 (d, J = 6.1 Hz, 2H), 8.62 (dd, J = 

7.9, 7.9 Hz, 1H), 8.12 (dd, J = 7.1, 7.1 Hz, 2H), 7.98 (d, J = 8.6 Hz, 2H), 7.82 (d, J = 8.6 Hz, 2H).  

 

 
(GSTP-C1-142) 2-(4-bromophenyl)-5-methylpyridine (10) 
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To a solution of 9 (4.0 g, 11.2 mmol, 1.0 equiv.) in MeOH (30 mL) was added NH4OAc (4.3 g, 56.0 

mmol, 5.0 equiv.). The mixture was degassed 3 times and methacrolein (930 μL, 11.2 mmol, 1.0 equiv.) 

was added and the mixture was degassed once more with N2. The mixture was heated to reflux for 16 

h. The reaction was followed by TLC. The reaction was cooled and poured into water (60 mL) and 

extracted with hexane (5 x 50 mL). The organic phases were combined and dried over MgSO4. The 

organic phase was filtered and then concentrated under reduced pressure to yield 2.37 g of a light 

yellow solid (85%, mp.: 99-103
o
C). Rf (10% EtOAc/hexanes: 0.38. 

1
H NMR (300 MHz, CDCl3): δ 

8.51 (s br, 1H), 7.85 (d, J = 8.5 Hz, 2H), 7.50–7.60 (m, 4H), 2.37 (s, 3H). 
13

C NMR (100 MHz, 

CD2Cl2): δ 153.6, 150.3, 138.4, 137.5, 132.1, 131.9 (2C), 128.3 (2C), 123.1, 119.9, 18.3. LRMS : 247. 

HRMS : calculated = 246.9997; found = 247.0000. The 
1
H NMR spectrum corresponds to that found in 

the literature.
5
 

 

 
(GSTP-C1-146) 5-methyl-2-(4-((trimethylsilyl)ethynyl)phenyl)pyridine (11) 

 

To a solution of 10 (2.2 g, 8.87 mmol, 1.0 equiv.) in Et3N/Tol (1:1, 30 mL) was added Pd(PPh3)4 (990 

mg, 0.861 mmol, 0.097 equiv.), CuI (135 mg, 0.709 mmol, 0.08 equiv.). The mixture was degassed 3 

times, TMSA (1.8 mL, 13.3 mmol, 1.5 equiv.) was added and the solution was degassed once more. 

The mixture was heated to reflux for 16 h. The reaction was followed by TLC. The cold mixture was 

filtered through a plug of silica and evaporated under reduced pressure. The residue was purified by 

flash chromatography (5% EtOAc/hexanes on silica) to yield 2.03 g of a brownish solid (86%, mp.: 

109-110
o
C). Rf (10% EtOAc/hexanes): 0.47. 

1
H NMR (300 MHz, CDCl3): δ 8.52 (s br, 1H), 7.93 (d, J 

= 8.3 Hz, 2H), 7.50–7.70 (m, 4H), 2.38 (s, 3H), 0.27 (s, 9H). 
13

C NMR (100 MHz, CD2Cl2): δ 153.9, 

150.2, 139.3, 137.4, 132.4 (2C), 132.1, 126.5 (2C), 123.3, 120.1, 105.1, 95.4, 18.3, 0.1 (3C). LRMS : 

265. HRMS : calculated = 265.1287; found = 265.1289.  

 

 
(GSTP-C1-148) 2-(4-ethynylphenyl)-5-methylpyridine (12) 

 

To a solution of 11 (1.9 g, 7.16 mmol, 1.0 equiv.) in MeOH (25 mL) was added K2CO3 (2.3 g, 16.5 

mmol, 2.3 equiv.). The reaction was stirred for 0.5 h. at room temperature. The reaction was followed 

by GCMS and 100% conversion was observed. The reaction was poured into a solution of H2O/Et2O 

(1:1, 50 mL). The layers were separated and the organic phase was washed with H2O (2 x 30 mL) and 

with brine (1 x 30 mL). The combined aqueous phases were reextracted with Et2O (3 x 40 mL). The 

organic phase was dried over MgSO4. The organic phase was filtered and then concentrated under 

reduced pressure to yield 1.38 g of a light yellow solid (>99%, 86-88
o
C). Rf (10% EtOAc/hexanes): 

0.26. 
1
H NMR (300 MHz, CDCl3): δ 8.52 (s br, 1H), 7.94 (d, J = 8.3 Hz, 2H), 7.50–7.70 (m, 4H), 3.15 

(s, 1H), 2.38 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ 153.8, 150.3, 139.8, 137.5, 132.6 (2C), 132.2, 

126.6 (2C), 122.3, 120.2, 83.7, 78.3, 18.3. LRMS : 193. HRMS : calculated = 193.0891; found = 

193.0892. 

 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



S7 

 

 
(GSTP-C1-150) 1,3,5-tris((4-(5-methylpyridin-2-yl)phenyl)ethynyl)benzene (13) 

 

To a solution of 1,3,5-tribromobenzene (560 mg, 1.78 mmol, 1.0 equiv.) in Et3N/Toluene (1:1, 18 mL) 

was added Pd(PPh3)4 (200 mg, 0.173 mmol, 0.097 equiv.), CuI (27 mg, 0.142 mmol, 0.08 equiv.) and 

12 (1.38 g, 7.14 mmol, 4.0 equiv.). The reaction mixture was degassed 3 times at room temperature 

with N2. The mixture was heated to 80
o
C for 16 h. The reaction was followed by TLC. The reaction 

mixture was filtered through a Celite© plug and washed with 40% EtOAc/DCM until no more eluted 

product was detected. The filtrate was concentrated under reduced pression. The residue was purified 

by flash chromatography (10% hexanes/DCM) to yield 980 mg of a light yellow solid (85%, mp.: 256-

250
o
C). Rf (30% hexanes/DCM): 0.13. 

1
H NMR (400 MHz, CDCl3): δ 8.54 (s br, 3H), 8.00 (d, J = 8.4 

Hz, 6H), 7.70 (s, 3H), 7.67 (s br, 3H), 7.64 (d, J = 8.5, 2H), 7.58 (dd, J = 8.1, 1.7 Hz, 3H), 2.39 (s, 9H). 
13

C NMR (100 MHz, CDCl3): δ 153.9, 150.4, 139.6, 137.5, 134.2, 132.2 (2C), 126.7 (2C), 124.2, 90.7, 

89.0, 18.4. LRMS : 651. HRMS : calculated = 651.2674; found = 651.2678. 

 

 
(GSTP-C1-168) 1,3,5-tris(4-(5-methylpyridin-2-yl)phenethyl)benzene (14 = HC2) 
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To a solution of 13 (500 mg, 0.767 mmol, 1.0 equiv.) in THF (50 mL) was added Pd/C (100 mg). The 

mixture was degassed once with N2 and three times with H2. The reaction was stirred for 20 h at room 

temperature under an H2 atmosphere. The reaction was followed by 
1
H NMR, the spectrum contained 

many unsaturated intermediates. The reaction mixture was filtered through a Celite© plug and washed 

with THF/DCM (1:1). The solvent was evaporated under reduced presure. The residue was diluted in 

THF (50 mL) and Pd/C (100 mg) was added. The reaction mixture was stirred for 48 h at room 

temperature under an H2 atmosphere. The reaction was followed by 
1
H NMR, the spectrum shows 

100% conversion. The reaction mixture was filtered through a Celite© plug and washed with 

THF/DCM (1:1). The solvent was evaporated under reduced pressure to yield 456 mg of a white solid 

(89%, mp.: 113-116
o
C). Rf(10 EtOAc/hexanes): 0.40. 

1
H NMR (400 MHz, CD2Cl2): δ 8.49 (d, J = 2.1 

Hz, 3H), 7.91 (d, J = 8.3 Hz, 6H), 7.65 (d, J = 8.1 Hz, 3 H), 7.60 (dd, 8.10, 1.4 Hz, 3H), 7.26 (d, J = 8.3 

Hz, 6H), 6.87 (s, 3H), 2.80–3.00 (m, 12H). 
13

C NMR (100 MHz, CD2Cl2): δ 154.7, 150.1, 142.7, 141.8, 

137.4, 132.2, 131.4, 129.0 (2C), 126.7 (2C), 126.6, 119.9, 38.0, 37.9, 18.3. LRMS: 663. HRMS : 

calculated = 663.3613; found = 663.3613.  

 

(GSTP-C1-164) [Ir•HC2 ] 

 

To a suspention of HC2 (50 mg, 0.075 mmol, 1.0 equiv.) in ethylene glycol (7.5 mL) was added 

Ir(acac)3 (37 mg, 0.075 mmol, 1.0 equiv.). The mixture was degassed twice and heated at 250
o
C for 24 

h. The reaction was followed by TLC. The reaction was poured into H2O/DCM (1:1, 50 mL). The 

phases were separated and the aqueous phase was extract with DCM (5 x 25 mL). The organic phases 

were combined and dried over MgSO4. The organic phase was filtered and then concentrated under 

reduced pressure. The crude was purified by flash chromatography (30% hexanes/DCM on silica) to 

yield 21 mg of a yellow solid (33%, dec. 265
o
C). The compound was crystallized by slow evaporation 

of a solution of Ir•HC2 in CHCl3. Rf(30% hexanes/DCM): 0.30. 
1
H NMR (600 MHz, CD2Cl2): δ 7.71 

(d, J = 8.3 Hz, 3H), 7.54 (d, J = 7.8 Hz, 3H), 7.41 (dd, J = 8.3, 1.3 Hz, 3H), 7.35 (s, 3H), 6.59 (d, J = 

7.7 Hz, 3H), 6.51 (s, 3H), 5.39 (br, 3H), 3.06 (dt, J = 12.9, 3.5 Hz, 3H), 2.72 (dt, J = 12.3, 3.6 Hz, 3H), 

2.49 (td, J = 13.0, 3.6 Hz, 3H), 2.39 (dt, J = 13.3, 3.3 Hz, 3H), 2.15 (s, 9H). 
13

C NMR (100 MHz, 

CD2Cl2): δ 164.3, 160.3, 147.5, 142.2, 140.6, 139.8, 137.3, 131.8, 127.9, 123.7, 120.8, 118.5, 38.5, 

37.2, 18.5. LRMS : 853. HRMS : calculated = 853.3008; found = 853.3012.  

 

 

X-Ray Crystallography. The crystals were grown by slow evaporation of a chloroform solution. One 

single crystal of 0.30 X 0.30 X 0.40 mm
3
 for Ir.HC2 was mounted using a glass fiber on the 

goniometer. Data were collected on an Enraf-Nonius CAD-4 automatic diffractometer at the Université 

de Sherbrooke using omega scans at 198(2) K. The DIFRAC
6
 program was used for centering, 

indexing, and data collection. One standard reflection was measured every 100 reflections, no intensity 

decay was observed during data collection.  The data were corrected for absorption by empirical 

methods based on psi scans and reduced with the NRCVAX
7
 programs. They were solved using 

SHELXS-97
8
 and refined by full-matrix least squares on F2 with SHELXL-97.

8
 The non-hydrogen 

atoms were refined anisotropically. The hydrogen atoms were placed at idealized calculated geometric 

position and refined isotropically using a riding model. A summary of the refinement parameters and 

the resulting factors for Ir.HC2 is given in Table S1. 
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Table S1. Crystallographic data for Ir.HC2. 

 
 

Photophysical characterization. All samples were prepared in either 2-methyltetrahydrofuran (2-

MeTHF), which was filtered over an alumina column then distilled over CaH2 under nitrogen, 

butyronitrile (BuCN), which was treated with charcoal for 20 h, K2CO3 and alumina for 20h and finally 

distilled over P2O5 under nitrogen, HPLC grade acetonitrile (ACN) or spectroscopic grade methanol 

(MeOH) and ethanol (EtOH).  Each sample was diluted to a concentration on the order of 25 M.  

Absorption spectra were recorded at room temperature and at 77 K in a 1.0 cm capped quartz 

cuvette and an NMR tube inserted into a liquid nitrogen filled quartz dewar, respectively, using a 

Shimadzu UV-1800 double beam spectrophotometer. Molar absorptivity determination was verified by 
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linear least squares fit of values obtained from at least three independent solutions at varying 

concentrations with absorbances ranging from 0.01-2.6.  

Steady-state emission spectra were obtained by exciting at the lowest energy absorption maxima 

using a Horiba Jobin Yvon Fluorolog-3 spectrofluorometer equipped with double monochromators and  

using the optically dilute method.
9
 
10

 A stock solution with absorbance of ca. 0.5 was prepared and then 

four dilutions were prepared with dilution factors of 40, 20, 13.3 and 10 to obtain solutions with 

absorbances of ca. 0.013, 0.025, 0.038 and 0.05.  The Beer-Lambert law was found to be linear at the 

concentrations of the solutions. Samples were placed into using septa sealed quartz cells and solutions 

were degassed with solvent-saturated nitrogen for 20 minutes prior to spectrum acquisition.  For each 

sample, linearity between absorption and emission intensity was verified and additional measurement 

were undertaken until the Pearson regression factor (R
2
) for the linear fit of the data set registered at 

least 0.9.  Individual relative quantum yield values were calculated for each solution and the values 

reported represent the arithmetic mean of these results. The equation Φs = Φr(Ar/As)(Is/Ir)(ns/nr)
2
 was 

used to calculate the relative quantum yield of each of the sample, where Φr is the absolute quantum 

yield of the reference, n is the refractive index of the solvent, A is the absorbance at the excitation 

wavelength, and I is the integrated area under the corrected emission curve. The subscripts s and r refer 

to the sample and reference, respectively. A solution of [Ru(bpy)3](PF6)2 in ACN (Φr = 9.5 %) or in 

water (Φr = 4.0 %) was used as the external reference.
11

  Quantum yield measurements were found to 

be statistically reproducible, with the experimental uncertainty found to be on the order of (3 %). We 

have never the less conservatively estimated the error to be 10 %.  

Time-resolved excited-state lifetime measurements were determined using the time-correlated single 

photon counting (TCSPC) option of the Jobin Yvon Fluorolog-3 spectrofluorometer. A pulsed 

NanoLED at 341 nm (pulse duration < 1 ns; fwhm = 14 nm), mounted directly on the sample chamber 

at 90° to the emission monochromator, was used to excite the samples and photons were collected 
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using a FluoroHub from Horiba Jobin Yvon single-photon-counting detector. The luminescence 

lifetimes were obtained using the commercially available Horiba Jobin Yvon Decay Analysis Software 

version 6.4.1, software included within the spectrofluorimeter. Lifetimes were determined though an 

assessment of the goodness of its mono exponentially decaying fit by minimizing the chi squared 

function (
2
) and by visual inspection of the weighted residuals. 

Figure S1: Example of a lifetime measurement of sample Ir.HC1 in BuCN at 298K. Decay curves in 

red and standard deviation after modeling with a mono-exponential regression, in green. 

 

Computational Methodology. Calculations were performed with Gaussian 09
12

 at the 

Université de Sherbrooke with Mammouth super computer supported by le Réseau Québécois de 

Calculs de Haute Performances. The DFT
13

 and TD-DFT
14

 were calculated with the B3LYP
15

 method. 

3-21G*
16

 basis sets were used for C, H and N, VDZ (valence double ζ) with SBKJC effective core 

potentials
16a,17

 for Iridium. The predicted phosphorescence wavelengths were obtained by energy 

differences between the Triplet and Singlet optimized states.
5
 The calculated absorption spectra and 

related MO contributions were obtained from the TD-DFT/Singlets output file and gausssum 2.1.
18
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Absorption and Emission spectroscopy. 

 

 
Figure S2. Absorption (solid line) and emission spectra at 298 K (dashed line) and at 77 K (dotted line) 

of fac-Ir(ppy)3 in chloroform (CHCl3, blue), 2-methyl-tetrahydrofurane (2-MeTHF, red), acetonitrile 

(ACN, green) and ethanol/methanol (1/1) mixture (EtOH-MeOH, purple). 

 

 
Figure S3. Absorption (solid line) and emission spectra at 298 K (dashed line) and at 77 K (dotted line) 

of [Ir.HC1] in chloroform (CHCl3, blue), butyronitrile (BuCN, orange) and ethanol/methanol (1/1) 

mixture (EtOH-MeOH, purple). 
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Figure S4. Absorption (solid line) and emission spectra at 298 K (dashed line) and at 77 K (dotted line) 

of [Ir.HC2] in chloroform (CHCl3, blue), acetonitrile (ACN, green) and ethanol/methanol (1/1) 

mixture (EtOH-MeOH, purple). 

 
Figure S5 Absorption (solid line) and emission spectra at 298 K (dashed line) of [Ir.HC2] in 

acetonitrile (ACN, green) and butyronitrile (BuCN, orange). 
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TD-DFT simulated absorption spectra. 

Figure S6. TD-DFT simulated absorption spectra for [Ir.HC1] 

 

 

  
Figure S7. TD-DFT simulated absorption spectra for [Ir.HC2] 
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Visualisation of selected MOs. 

Table S2. Visualisation of selected MOs for [Ir.HC1] 
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Table S3. Visualisation of selected MOs for [Ir.HC2] 
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Table S4. Energy and composition of TD-DFT calculated transitions for [Ir.HC1]
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Table S5. Energy and composition of TD-DFT calculated transitions for [Ir.HC2] 
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NMR characterization. 
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